To evaluate and compare outcomes and impacts of delay of time to cardiopulmonary resuscitation (CPR) by type of first documented rhythm in paediatric patients with out-of-hospital cardiac arrest (OHCA).
Introduction
Sudden cardiac arrest (SCA) is one of the leading causes of death and is an important public health problem.
1 SCA is relatively rare in paediatric patients, and the outcomes after out-of-hospital cardiac arrest (OHCA) are better among children than among adults. Nevertheless, preventing the tragedy of paediatric OHCA remains an important concern because it has a profound impact on the child's parents, family members, and community. 2 -4 The international guidelines for cardiopulmonary resuscitation (CPR) and emergency cardiovascular care recommend a rhythmspecific approach to effective OHCA management since it has been reported that outcomes after OHCA differ by first documented rhythm. 1 -11 However, the confirmation with large-scale national OHCA database and the evaluation of impacts of delay of time to CPR on outcomes are helpful to better understand the current situation about paediatric OHCA.
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The All-Japan Utstein Registry is a prospective, nationwide population-based cohort database of OHCA in Japan, which includes .20 million children. 5, 12, 13 The purpose of the present study was to assess and compare patient outcomes, and evaluate impacts of delay of time to CPR on outcomes by type of first documented rhythm. To do so, our study enrolled 3968 witnessed paediatric OHCA patients from this Registry between 2005 and 2012.
Methods

Study patients
We enrolled 3968 witnessed paediatric OHCA patients between 2005 and 2012 from the All-Japan Utstein Registry of the Fire and Disaster Management Agency ( Figure 1 ). It is a prospective nationwide, population-based cohort database of all OHCA patients in Japan that uses the Utstein-style reporting form of OHCA. 5,12 -16 We first registered all OHCA patients who had cardiac and non-cardiac events between 2005 and 2012 (N ¼ 925 288). After excluding adults patients ≥18 years of age (n ¼ 910 437) and those who did not receive resuscitation (n ¼ 636), we excluded patients whose event was not witnessed (n ¼ 9554), those with unknown first documented rhythm (n ¼ 593), unknown time from collapse to first CPR (n ¼ 99), and those without outcome data (n ¼ 1) (Figure 1) . A total of 3968 paediatric OHCA patients whose events were witnessed by bystanders or emergency medical service (EMS) personnel were enrolled; these patients all had available information on the time to CPR. Details about the All-Japan Utstein Registry, including its methods of data collection, quality control, and the Japanese EMS system, have been described previously. 5,12 -14 In brief, we defined cardiac arrest as the cessation of cardiac mechanical activity without signs of circulation. We determined the cardiac or non-cardiac origin of the patient's event using the attending physician's opinion in collaboration with the EMS personnel. The decision of cardiac origin was made clinically by excluding the possibilities of noncardiac causes in accordance with the Utstein-style international guidelines. 16 This means that the diagnosis of cardiac arrest was made when there was no evidence of a non-cardiac cause, and any other information regarding comorbidities or underlying conditions were not available in the present study. EMS are available 24 h/day in Japan. When people call for an emergency ambulance, it is dispatched from the nearest fire station with a team of three emergency providers, including at least one emergency life-saving technician. An emergency life-saving technician Figure 1 Patient selection flow chart. CPR, cardiopulmonary resuscitation; ECG, electrocardiogram; EMS, emergency medical service.
is a highly trained pre-hospital emergency care provider who can treat OHCA patients with an intravenous line, epinephrine, advanced airway management, and semi-automated external defibrillators (AEDs). EMS providers are not supposed to terminate their resuscitation efforts before the patient arrives at a hospital, except in cases of rigor mortis, decapitation, incineration, decomposition, or dependent cyanosis. During the study period, all EMS providers performed CPR according to the Japanese CPR guidelines. 17 The emergency telephone dispatchers could encourage bystanders to provide chest-compression-only CPR instead of conventional CPR if it was difficult for bystanders to perform rescue breathing. 17 
Data collection and study endpoints
We collected the following data prospectively, using an Utstein-style reporting form: age, sex, enrolment date, time of recognition by EMS, origin of cardiac arrest, type of bystander who witnessed the event, first documented rhythm, use of public-access AED, advanced airway device implementation, administration of out-of-hospital intravenous fluids (any dose) by EMS personnel to patients who were unresponsive to basic life support (BLS), and administration of out-of-hospital epinephrine (any dose) by EMS personnel to patients who were unresponsive to BLS. The study also collected timeline information about the events, such as EMS response time (time from emergency call to first contact with a patient), hospital arrival time (time from emergency call to a patient transportation to a hospital), and time from collapse to first CPR by bystanders or EMS personnel (a maximum time of 15 min indicated ≥15 min in the present study). This study considered all conventional, chestcompression-only and respiratory-only CPR as bystander CPR. The times of collapse and of initiation of bystander CPR were obtained from interviews with EMS personnel before they left the scene. The times of collapse and of initiation of CPR by EMS personnel were collected from EMS system records. The time from collapse to first CPR by bystanders or EMS personnel was calculated by subtracting the time of witnessed collapse from the time of first CPR. Daytimes were defined as 9:00 a.m. to 4:59 p.m., nighttimes as 5:00 p.m. to 8:59 a.m., weekdays as Mondays to Fridays, and weekends as Saturdays and Sundays. 13 EMS personnel recorded and diagnosed the first documented rhythm at the scene, using semi-automated defibrillators. First documented rhythms were classified into three categories: pulseless ventricular tachycardia or ventricular fibrillation (pVT/VF), pulseless electrical activity (PEA), and asystole. When bystanders delivered shocks using a public-access AED, the patient's first documented rhythm was regarded as pVT/VF. One month after the OHCA event, all survivors were evaluated for their neurological status by the EMS personnel in charge.
The primary endpoint of this study was neurologically favourable 1-month survival. We used the Glasgow-Pittsburg cerebral performance category (CPC) scale and characterized a score of 1 (good cerebral performance) or 2 (moderate cerebral disability) as neurologically favourable, and a score of 3 (severe cerebral disability), 4 (coma or vegetative state), or 5 (death) as unfavourable. 15, 16 Secondary endpoints consisted of pre-hospital return of spontaneous circulation (ROSC) and 1-month survival. ROSC was defined as the restoration of a sustained, spontaneous perfusing rhythm for at least 30 s.
15,16
Statistical analysis
We reported categorical variables as percentages and continuous variables as medians (25-75 percentile) . We used the x 2 test or the Kruskal -Wallis test to compare the differences among first documented rhythm categories, respectively. Based on the preceding report, children were categorized into one of the following paediatric age groups: infants (,1 year), younger children (1 -4 years), older children (5 -12 years), and adolescents (13 -17 years). 14 We also considered time of day and day of week of OHCA. 13 The Cochran-Armitage test was employed to assess trends in first documented rhythm according to minutes that elapsed until first CPR, and trends in neurologically favourable 1-month survival according to patient age category. We first evaluated and compared overall outcomes based on type of first documented rhythm. We also assessed the relationships between time from collapse to first CPR by bystanders or EMS personnel and study endpoints by first documented rhythm. We used the logistic regression model for this evaluation because (i) it is one of the most frequently used regression models for dichotomous response variable, (ii) it can model monotonic decreases in event-rate trends as time to CPR increases, and (iii) its regression coefficients can be interpreted as an odds ratio (OR). 5 The classification and regression tree (CART) was used to determine the cut-points of time to CPR for developing the dichotomous risk stratification model. The CART is a statistical method for finding heterogeneous subgroups by recursively partitioning the data space and is well suited for the development of clinical decision rules and risk stratification. 18, 19 The effect of time from collapse to first CPR was expressed as OR and its 95% confidence interval (CI). Adjusted OR was estimated using the multivariable logistic regression model, which included the following variables as possible confounders: age category (infants, younger children, older children, and adolescents); sex (male or female); time of day (daytimes or nighttimes); day of week (weekday or weekend); cardiac versus non-cardiac event; type of bystander CPR (conventional, compression only, or respiratory only); use of intravenous fluid, epinephrine, and advanced airway management; time to first shock for patients with pVT/VF; and first documented rhythm (pVT/VF, PEA, and asystole) when calculating in total population. The estimated probability of outcomes and its 95% CIs were calculated. The accuracy of probabilistic predictions of these models was assessed with the Brier score. 5, 20, 21 Brier score is defined as the mean of the squared difference between the observed and predicted event rates and is equivalent to the mean squared error in the linear regression model. Statistical analyses were performed using R software packages (version 3.1.1; R Development Core Team). The significance level of a statistical hypothesis testing was set at P ¼ 0.05, and the alternative hypothesis was two sided. The study protocol complied with the Helsinki declaration standards and was approved by the ethical committee of Osaka University Graduate School of Medicine. The requirement of written informed consent was waived. The authors had full access to the data and take responsibility for its integrity. All authors have read and agree to the manuscript as written.
Results
Patient characteristics
As shown in Table 1 , the median age of the study population was 5 (quartile: 0 -14) years, 62.2% were male, and 34.5% of paediatric OHCA cases were presumed to be of cardiac origin. Among all bystander-witnessed paediatric OHCA patients, 51.8% received bystander CPR. Among patients with pVT/VF rhythm, 23.4% received shocks delivered by a public-access AED. The median EMS response time (from emergency call to first contact with a patient) was 8 (quartile: 6-10) min, and hospital arrival time (from emergency call to a patient transportation to a hospital) was 28 (quartile: 22-37) min.
The number of OHCA patients with pVT/VF, PEA, and asystole were 556 (14.0%), 1249 (31.5%), and 2163 (54.5%), respectively. Patient demographics differed significantly between groups, except for enrolment year in the Registry and proportion of patients with advanced airway device implementation. Compared with patients with PEA or asystole, paediatric OHCA patients with pVT/VF tended to be older, more often male, more likely to have OHCA of cardiac origin, and received CPR more often by bystanders. Figure 2 shows the distribution of time to CPR; the mean value was 5.9 min (median: 5 min). A total of 53.9% of OHCA patients received CPR within 5 min after collapse and 75.0% received CPR within 10 min. There was no relationship between time to CPR and age categories (P ¼ 0.354). As shown in Figure 3 , as time from collapse to first CPR lengthened, the proportion of patients with asystole increased, while the proportion of patients with pVT/VF and PEA decreased (P , 0.001 for Cochran-Armitage trend in each rhythm category).
Outcomes and impact of time to cardiopulmonary resuscitation
Of the entire study population, 210 (37.8%) patients with pVT/VF, 148 (11.8%) with PEA, and 94 (4.3%) with asystole achieved pre- hospital ROSC ( Table 2) . The proportion of patients surviving for 1 month with pVT/VF, PEA, and asystole was 46.6, 15.6, and 10.1%, respectively, and in patients who achieved pre-hospital ROSC, the proportion who survived for 1 month was 81.9, 51.4, and 50.0%, respectively. Of the entire study population with pVT/VF, PEA, and asystole, the proportions of patients with neurologically favourable 1-month survival were 36.5, 5.0, and 1.8%, respectively, but in patients who achieved pre-hospital ROSC, those were much higher: 73.8, 27.7, and 13.8%, respectively, ( Table 2 ). The percentage of patients with neurologically favourable 1-month survival also differed significantly according to age category: 5.2% of infants, 2.7% of younger children, 7.0% of older children, and 13.6% of adolescents (Cochran-Armitage trend P , 0.001). In particular, outcomes improved in older patients with pVT/VF (Cochran -Armitage trend P , 0.001), though not in patients with PEA (Cochran -Armitage trend P ¼ 0.055) and asystole (Cochran -Armitage trend P ¼ 0.878) ( Table 3 ). There was statistically significant relationship between age and rhythm as shown in Table 3 (P , 0.001). Estimated probabilities for each endpoint and their respective 95% confidence bands, along with observed rates, are shown in Figure 4 . Paediatric OHCA patients with pVT/VF had the most favourable outcomes, followed by patients with PEA; patients with Pediatric OHCA outcomes by first documented rhythm asystole had the worst outcomes ( Figure 4) . In addition, outcomes worsened as first CPR was delayed in patients with pVT/VF, but did not change significantly as CPR was delayed in patients with PEA and asystole. Table 4 shows the impact that time from collapse to first CPR had on outcomes. In a univariate analysis, delayed CPR significantly worsened outcomes of patients with pVT/VF and of paediatric OHCA patients overall. However, in patients with asystole, CPR delay significantly affected only the achievement rate of pre-hospital ROSC, and in patients with PEA, no significant relation was seen between CPR delay and poor outcomes. In a multivariate analysis of patients with pVT/VF, PEA, asystole, and overall, the adjusted ORs per 1-min CPR delay on neurologically favourable 1-month survival were 1.05 (95% CI 0.97 -1.13, P ¼ 0.237), 1.01 (95% CI 0.96 -1.06, P ¼ 0.758), 0.94 (95% CI 0.88 -1.00, P ¼ 0.057), and 0.98 (95% CI 0.95-1.01, P ¼ 0.247), respectively. In patients with asystole and in the total paediatric OHCA population, only achievement rates of pre-hospital ROSC were significantly affected by CPR delay, with adjusted ORs of 0.95 (95% CI 0.91-0.99, P ¼ 0.014) and 0.97 (0.95 -0.99, P ¼ 0.018), respectively. These tendencies were common with results from CART analyses ( Table 5) . CART did not identify the cut-points of time to CPR for developing the dichotomous risk stratification in patients with PEA. The accuracy of estimating outcomes using first documented rhythms was evaluated with the Brier score. We found that they were acceptably accurate, as scores ranged from 0.018 to 0.245 ( Table 4 ). In addition, we found that they were most accurate in patients with asystole, because the Brier score was smallest (0.018) for this group.
Discussion
Using data from the nationwide All-Japan Utstein Registry, we enrolled 3968 patients with OHCA who were registered between 2005 and 2012. We then evaluated and compared overall patient outcomes based on the type of first documented rhythm after paediatric OHCA. First, we confirmed prior observations concerning the relationship of initial rhythm and outcomes with data from witnessed paediatric OHCA patients showing that pVT/VF was associated with better outcomes. finding has not been documented in paediatric cardiac arrest previously. 1 -11 Because the outcomes of paediatric OHCA are still very poor, having low 1-month survival rates of only 17.0% in our overall study population, further accumulation of evidence is needed to better understand and treat paediatric OHCA.
Different outcomes by first documented rhythm and age
This study demonstrated that the outcomes after paediatric OHCA differed by type of first documented rhythm with a nationwide large-scale database, and that the most favourable neurological outcomes occurred in patients with pVT/VF, followed by those with PEA and asystole ( Table 2 and Figure 4 ). This tendency was consistent with previous reports.
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The frequency of pVT/VF and outcomes in each age category after witnessed paediatric OHCA were quite different (Tables 1 and 3) . Especially, the frequency of pVT/VF in adolescents was much higher than that in adults. 5 This might lead to differences in the sequence of therapies of witnessed compared with non-witnessed. We also demonstrated that the prevalence of neurologically favourable 1-month survival after paediatric OHCA differed by age category. These results were significantly affected by the trend in patients with pVT/VF, who represented the smallest study subgroup (n ¼ 556) but had the best outcomes ( Table 3) . Age-specific differences in outcomes after paediatric OHCA have been reported previously. 3, 4 In addition, it is possible to underestimate neurological outcomes when looking only at short-term (1-month) outcomes after paediatric OHCA. In the clinic, neurological outcomes tend to improve during long-term follow-up, especially in paediatric patients. 22 The impact of achieving pre-hospital ROSC
We demonstrated that outcomes among OHCA patients who achieved pre-hospital ROSC were much better than those in the total study population ( Table 2 ). For example, in patients with pVT/VF, PEA, and asystole, neurologically favourable 1-month survival among all OHCA patients was only 36.5, 5.0, and 1.8%, respectively, compared with 73.8, 27.7, and 13.8% in patients who achieved prehospital ROSC. The outcomes among paediatric OHCA patients remained poor with high mortality rates, so achievement of prehospital ROSC could become a strong surrogate endpoint in future Figure 4 Relationships between time from collapse to first cardiopulmonary resuscitation and outcomes in paediatric out-of-hospital cardiac arrest patients (A -C). Curves indicate fitted probabilities of outcomes, bands indicate 95% confidence intervals, and dots indicate observed rates. CPR, cardiopulmonary resuscitation; OHCA, out-of-hospital cardiac arrest; PEA, pulseless electrical activity; pVT, pulseless ventricular tachycardia; ROSC, recovery of spontaneous circulation; VF, ventricular fibrillation.
Pediatric OHCA outcomes by first documented rhythm clinical studies of paediatric OHCA patients. Those in pre-hospital settings need to make concerted efforts to achieve ROSC after paediatric OHCA. However, in the present study, the fact that 1-month survival rates were higher than the rates of pre-hospital ROSC might indicate the importance and effectiveness of advanced in-hospital management strategies and timely transportation to a hospital. Prehospital ROSC is an important goal for managing paediatric OHCA, but early initiation of in-hospital management of paediatric OHCA might also be important for improving patient outcomes.
Importance of early cardiopulmonary resuscitation
The international guidelines recommend attempting CPR as early as possible after SCA in the cardiac chain of survival. 1 We have previously reported the close association between delayed CPR and poor outcomes after adults experienced OHCA. 5 In the present study, the impact of delayed CPR on patient outcomes after paediatric OHCA was described as crude, and the adjusted OR per 1-min CPR delay and its 95% CI in Table 4 . The impacts of dichotomous risk stratification with CART were also assessed in Table 5 . However, after adjusting for patient background, the impact of CPR delay was significant only for pre-hospital ROSC, but not for 1-month survival or neurologically favourable 1-month survival overall (Tables 4 and 5). We speculated that no significant relationship between delayed CPR and poor survival was observed for the following two reasons. First, although our sample size was one of the largest among published reports, the statistical power of the present study might not be sufficient to disprove the importance of early CPR.
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Second, the fact that greater than half of study patients were assumed to be in the circulatory or metabolic phase of Weisfeldt and Becker's three phase theory might also impact on this result. 23 
Clinical perspective
The present study confirmed that pVT/VF and early ROSC in general were associated with better outcomes in patients with witnessed paediatric OHCA. However, in the present study, only 51.8% of bystanders who witnessed OHCA performed CPR (Table 1); thus, there is still much room for improvement in first response. 24 Public campaigns should be undertaken to promote the delivery of earlier, high-quality bystander CPR. 1, 25 In addition, recent advances, such as wearable monitoring devices to detect SCA (which may lead to earlier CPR and transportation to a hospital), and CPR training application to promote the delivery of earlier and higher quality bystander CPR within the general population may help medical professionals to achieve these goals. 26, 27 In addition, further comprehensive studies are needed to improve outcomes after paediatric OHCA.
Study limitations
Several study limitations warrant mention. First, the times at collapse and initiation of bystander CPR were obtained from EMS interviews. However, it is difficult to pinpoint an exact event time, such as for cardiac arrest and CPR initiation during an emergency. In addition, although the quality of CPR, time on scene by EMS prior to transport, the location of the event, modified paediatric CPC evaluation, and spread of public-access AED might impact on the results, 28 -31 our observational study lacked these data. For reference, the cumulative number of public-access AED excluding those in medical facilities and EMS institutions estimated from AED sales increased from 10 961 in 2005 to 364 959 in 2012 according to the Japan Heart Foundation website. Second, in this registry, we could not evaluate the exact timing of the first rhythm assessment or how long CPR was performed before the rhythm was assessed. Third, our analyses could not account for in-hospital treatments, such as haemodynamic support and induced hypothermia because we did not collect in-hospital management strategies. Fourth, unmeasured confounding factors might have influenced the results. Fifth, marked differences in the incidence and outcome of SCA by region or race have been reported, so it is unclear whether our results could be applied to other communities. 32, 33 Sixth, when public-access AED delivered shocks, the first documented rhythm was defined as pVT/VF. However, because the sensitivity and specificity of defibrillators for shockable rhythms have been reported to be high, we speculated that missing pVT/VF would be rare. 34 Finally, we only focused on witnessed OHCA, and it is not clear whether our results may be applicable to all OHCA population. However, we believe that the use of this large-scale, uniform database that was based on Utstein-style guidelines outweighs these potential limitations.
Conclusions
We confirmed that pVT/VF and early ROSC in general were associated with better outcomes in patients with witnessed paediatric OHCA. Adjusted for age categories, sex, time of day, day of week, cardiac origin, bystander CPR, intravenous fluid, epinephrine, and advanced airway management as well as time to first shock for patients with pVT/VF and first documented rhythm when calculating in total population.
